The combined effect of several microbial control factors including gas barrier of containers, modified atmosphere packaging, food life extenders and storage temperature was discussed in order to determine the possibility for improving the shelf life for hamburger steak and deepfried chicken, representative ready-made dishes sold at convenience stores in Japan. Multiple measures including cold storage were effective in improving the shelf life of ready-made dishes. It was also suggested that storage tests for ready-made dishes should be conducted at 10 , a practical temperature, to confirm the storable period, as well as at 15 , an adequate abuse temperature, to confirm the effects of various microbial control factors. In the present study, the test group 4 nitrogen + barrier containers + pH modifier performed most favorably at both temperatures, indicating the efficacy of multiple means including "cold storage" in improving the shelf life extending the consume-by date of ready-made dishes. All strains isolated from the tested hamburger steak and deep-fried chicken were common food contaminant bacterial species.
INTRODUCTION
Due to a short consume-by date for boxed lunches and ready-made dishes sold at convenience stores hereinafter abbreviated as CVS , a lot of food is lost for disposal everyday. It is receiving media attention and becoming a major social issue. According to a statistical survey, the number of CVS was reported to be 51,000 across Japan as of October 2014. Assuming the disposal loss at each store to be 10 kg per day, simple arithmetic gives the staggering number of 510 tons of food lost for disposal everyday Nishikawa et al., 2011; Sato and Yokokawa, 2014 . It is easy to imagine that this could be a contributory factor for a food wastage which is as high as 25% while the food self-sufficiency rate of Japan is merely 40% on a calorie basis.
One effective measure to reduce the disposal loss of boxed lunches and ready-made dishes at CVS is to extend their consume-by dates. In Japan, containers and packages used for boxed lunches and prepared foods are appearance-oriented. The plastic trays are covered with fitted lids then wrapped or taped without any hermetic seal. The storage temperature for these products is between 18 and 20 for boxed lunches to prevent the spoilage of cooked rice Hibi et al., 1990; Riva et al., 2000 , and below 10 for ready-made dishes. The consume-by date is about two days for both of them. To cope with a short shelf life, manufacturing factories are obliged to engage in late night production
Storage test for hamburger steak
The filled and sealed sample packages were stored at 10 for 1, 3, 7, 14 and 21 days. Tests were carried out as follows. Using a pour plate method, the viable cell count was carried out after 48 hours of incubation in standard method agar medium Nissui Pharmaceutical Co., Ltd. at 35 . The detected bacteria were subjected to Gram staining, followed by a simplified identification with either BBL CRYSTAL GP BD Von Baum et al., 1998 or the API 20E SYSMEX bioMérieux kit Manshadi and Assareh, 2014 . Using the pour plate method, the samples were incubated at 35 in desoxycholate agar medium Nissui Pharmaceutical Co., Ltd. for 24 hours prior to the coliform counts. Using the smear method, the samples were incubated at 35 in Mannitol Salt Egg Yolk MSEY agar medium Nissui Pharmaceutical Co., Ltd. for 48 hours prior to the determination of Staphylococcus aureus. The strains grown on the MSEY agar medium were subjected to Gram staining and the coagulase test. The Grampositive cocci which were also coagulase-positive were and make frequent deliveries, partly contributing to the high disposal rate Koda, 2012 . In contrast, various types of food products including vegetables are sold under a hermetic seal in the United States and Europe Farber, 1991 . Furthermore, they are handled under a chilled supply chain at a temperature between 0 and 8 with some variations among countries , which is lower than that for the Japanese counterparts. Their consume-by date best-before date is 4 to 10 days.
There are relatively many reports discussing the effects of modified atmosphere packaging hereinafter abbreviated as MAP on the shelf life of meat, particularly that of beef and pork Ogihara et al., 1993; 1994; 1995 . The majority of such packages utilize carbon dioxide, oxygen and their mixture to modify the type and composition of the gas inside the package Martin and Maurice, 2014 . However, there have been no reports that examine the MAP for the purpose of improving the shelf life of boxed lunches and ready-made dishes. In order to determine its potential to improve the shelf life of hamburger steak and deep-fried chicken, representative ready-made dishes sold at CVS, this study discusses the combined effect of several microbial control factors including MAP, the gas barrier containers, food life extenders and storage temperature.
MATERIALS AND METHODS

Hamburger steak samples
The study samples of hamburger steak were prepared in a university student cafeteria. Seasonings were added to the kneaded ground meat, which was then formed into several 100 g pieces. When a food life extender was used, HOSEN-ACE LN active ingredients: sodium acetate and glycine from Ueno Fine Chemicals Industry, Ltd. was added at 0.5% w/w to the seasonings Koiso, 2014; Sumino and Sakuma, 1983 . After being pan-fried till brown, hamburger steak samples were steamed at 180 with steam convection for 12 minutes. They were then individually coated with 90 ml of demi-glace sauce, which had been kept in a hot water bath at 70 to 80 .
Deep-fried chicken
The study samples of deep-fried chicken were also prepared in a university student cafeteria. Chicken thighs were cut into 50 to 60 g pieces and seasoned with a marinade sauce. When a pH modifier was used, ADJUSTERT 2 a blend of sodium acetate and various organic acids plus trehalose from Ueno Fine Chemicals Industry Co., Ltd. was added at 1.0 w/ w to the marinade sauce. After being coated with flour and fried in hot oil, they were cooled down to 5 . counted as S. aureus. The oxygen concentration was measured with Check Mate 9000 O 2 / CO 2 analyzer PBI Dansensor A/S . The sensory test was also performed.
Storage test for deep-fried chicken
The filled and sealed sample packages were stored at 10 for 1, 7, 14 and 21 days, and at 15 for 1, 3, 7 and 14 days, respectively. Storage tests were also conducted at 15 in addition to 10 to confirm it would be an adequate abuse temperature. The items tested and the testing methods were the same as that for hamburger steak.
RESULTS AND DISCUSSION
Storage test for hamburger steak
The test results from the storage temperature of 10 for each test group are shown in FIG.1 After 21 days of storage, the test group 1 showed a decrease in the oxygen concentration to 15.80% and an increase in the carbon dioxide concentration to 9.43%, indicating the consequence of metabolic activity of bacteria grown in the samples TABLE 1 . The oxygen concentration in the test group 2 was 0.13% after 3 days of storage, and 0.00% after 7 days of storage. The carbon dioxide concentration was 12.30 to 13.43% throughout the entire storage period, and no major changes were observed. The results from the test groups 3 and 4 indicated that the atmosphere in the sealed container was maintained at 97 to 100% nitrogen throughout the entire storage period.
The above results suggest the efficacy of multiple measures including cold storage in extending the consume-by date for hamburger steak.
Storage test for deep-fried chicken
In all test groups, the viable cell count after 21 days of storage at 10 was no more than 10 5 CFU/g which satisfied the standard for the viable cell count stipulated by the "Health-code for boxed lunches and ready-made dishes " FIG.2 a , TABLE 2 . Since the viable cell count was lower in the test group 3 than the test group 2, 100% nitrogen gas was shown to be more effective than 80% nitrogen and 20% carbon dioxide gas mixture. Test group 4 gave the most favorable results, and the viable cell count level was maintained at <10 1 CFU/g throughout the entire storage period of 21 days. the cell count was observed to increase after 7 days of storage and reached the 10 6 order after 21 days of storage FIG.1, TABLE 1 . In the test groups 2 and 3 with gas displacement, no food life extender , a significant increase in the cell count was observed after 14 days of storage. Both groups displayed a similar behavior and there was no difference between the types of the inert gases utilized. In the test group 4 with gas displacement plus the food life extender , no increase was observed in the cell count after 21 days of storage, indicating the effect of each microbial control factor. Moreover, by comparing the results between the test groups 3 and 4, the effect of the food life extender was confirmed. The "Health-code for boxed lunches and ready-made dishes" stipulates the value for viable cell counts in precooked foods to be no more than 10 5 CFU/g. This value suggested that the above mentioned shelf life could be extended even more.
In all test groups, Enterococcus faecalis and Bacillus circulans were isolated from the flat plates used for the viable cell counts of the samples stored for 7 days. E. faecalis is known for its strong heat resistance among lactic acid bacteria Aguirre et al., 2009; McAuley et al., 2012 and its detection in the current study suggests its potential use as a contamination indicator bacterium in precooked ready-made dishes. The test results for coliforms and S. aureus including the viable cell counts SD are shown in indicated that the gas displacement with inert gases was effective for improving the shelf life of deep-fried chicken, and that 80% nitrogen plus 20% carbon dioxide gas mixture was more effective than 100% nitrogen gas. The test group 4 gave the most favorable results, and the viable cell count level was maintained at <10 1 CFU/g up to the storage period of 7 days. The results from the test groups 3 and 5 indicated the efficacy of barrier containers in improving the shelf life of deep-fried chicken. The results from the test group 6 indicated that a pH regulator alone was not enough to produce a significant effect in shelf life.
The test results for coliforms and S. aureus are shown in TABLE 2. No coliform or S. aureus was detected in
The results from the test groups 3 100% nitrogen in a barrier container and 5 100% nitrogen in a nonbarrier container indicated the efficacy of the barrier containers in improving the shelf life of deep-fried chicken. The results from the test group 6 indicated that a pH regulator by itself could maintain the cell count level of <10 1 CFU/g for the storage period of 14 days. Compared with the results from the storage temperature of 10 , the results from 15 made it easier to confirm the effect of each microbial control factor. After 7 days of storage, the viable cell count of each test group was in the following order: group 4 < group 2 < group 3 < group 6 < group 1 < group 5 FIG.2 any of the test groups at either 10 or 15 throughout the entire storage period. Results of sensory tests were also satisfactory throughout the entire storage period where microbiological tests results were satisfactory data not shown . After 21 days of storage, the test groups 1 and 6 showed a decline in the oxygen concentration to 14.9% and 15.6%, respectively, while the carbon dioxide concentration increased to 1.5% and 1.0%, respectively TABLE 3 . After 14 days of storage at 15 , the oxygen concentration in the test groups 1 and 6 became 0.0% while the carbon dioxide concentration increased to 12.8% and 10.8%, respectively. This reflected a significant increase in metabolic activity of bacteria compared to the storage temperature of 10 . In the test group 2, there was almost no change in the carbon dioxide concentration throughout the entire storage period at the storage temperature of 10 or 15 . The results from the test groups 3 and 4 indicated that the atmosphere in a sealed container was maintained at 98.9 to 100% nitrogen level throughout the entire storage period at 10 or 15 .
In all test groups, Enterobacter cloacae and B. pumilus were isolated from the flat plates used for the viable cell counts of the samples stored for 14 days at 10 , and S. epidermidis, S. aureus and B. subtilis were isolated at 15 . The bacteria isolated from the samples are mesophilic bacteria, microorganisms that commonly contaminate food. They were suspected to be derived from the raw materials, cooking environment and cooking personnel. Although no coliform or S. aureus was detected in microbiological tests using desoxycholate agar medium or MSEY agar medium in any of the test groups at either 10 or 15 , E. cloacae and S. aureus were detected on standard method agar medium in the simplified identification tests with either BBL CRYSTAL GP or API 20E kit. They were thought to be cases of sublethal injury or isolated incidences caused by the cooking personnel. From the above results, the bacterial flora did not change drastically between 10 and 15 . This fact suggested that there would be no problem in carrying out the storage test at both 10 and 15 .
It was suggested that a similar storage test for readymade dishes in future should be conducted at both 10 and 15 ; 10 would be the practical temperature to confirm the storable period, while 15 would be an adequate abuse temperature to confirm the effects of various microbial control factors. In the present study, the test group 4 nitrogen + barrier containers + pH regulator performed most favorably at both tempera-
